Abstract. Land use scenarios are of primordial importance when implementing a hydrological model for the purpose of determining the future quality of water in a watershed. This paper provides the background for researching potential agricultural land use changes that may take place in a mesoscale watershed, for water quality research, and describes why studying the farm scale is important. An on-going study in Bavaria examining the local drivers of change in land use is described.
Introduction
Hydrological models necessitate a number of input parameters to perform adequate simulations. Usually, one important layer of input information required for hydrological modeling is knowledge of the land cover or land use for the watershed under investigation. The land cover or land use description is specifically essential for determining the partitioning of water relevant to fluxes between the soil-vegetationatmosphere; such as interception, evapotranspiration, infiltration, or runoff.
For example, the amount and type of vegetation in the watershed (model) will dictate how much precipitation reaches the soil surface and how much is evaporated. As well, the vegetation type partly governs the three dimensional spatial distribution of water in the soil (Shuttleworth et al., 2005) . The influence of land cover on hydrological processes is taken into consideration through parameters which affect these hydrological processes, i.e. through the parameters of rooting depth, canopy albedo or leaf area index (Alcamo et al., 2003) .
Land use information is particularly critical for modelling the quality of water (Stonestrom et al., 2009) , as such, land use considerations are prominent in water quality models. For example, the hydrological model SWAT (Arnold et al., 1998) contains numerous parameters that define the agricultural management components: information is required for tillage, irrigation, fertilization, grazing, and conservation management practices. Additionally, the model has separate sub-models related to pesticides (GLEAMS) and crop growth (EPIC).
When applying water quality models to primarily rural watersheds, agricultural land use should be represented in sufficient detail because this governs processes (i.e. surface runoff) which significantly influence sediment and nutrient transport. For example, arable land is more prone to generate surface runoff than pasture or forest areas (Eckhardt et al., 2003) , and certain land uses (i.e. the area of maize cropland) have been found to be particularly strongly correlated to inorganic pollutant amounts in water bodies (Donner, 2003) . Therefore, accounting for agricultural land use is critical when assessing the quality of water in rural areas.
Several watershed studies, in various parts of the world, have examined the impacts of future changes on water quality (e.g. Ficklin et al., 2009; van Vliet and Zwolsman, 2008; Wilby et al., 2006) . However, the magnitude of the impacts of future changes on agricultural landscapes, and the consequent impacts of climate change on the quality of water are largely unknown (IPCC, 2007) . Most studies examining the impacts of climate change on water quality have assumed a static landscape. Our study undertakes an examination of the surface water quality in a future temporal frame while considering the possibility of an evolving landscape in the watershed, so that the relevant land cover and land use parameters can be adequately represented in the hydrological model. To do this, future land use scenarios must be determined.
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This paper will describe the concepts of agricultural land use modelling, with a particular focus on the farm level scale of modelling, and the drivers of cropping system change. It will also describe an on-going study in Bavaria examining the drivers of land use change at the farm level.
Concepts for modelling agricultural land use change
Land use has been loosely defined by Lambin and Geist (2006) as "the purposes for which humans exploit the land cover". A term frequently used to denote agricultural land use systems is "cropping systems". In agricultural sciences, a cropping system is defined by FAO (1996) as: "A system (or land use unit), comprising soil, crop, weeds, pathogen and insect sub-systems, that transforms solar energy, water, nutrients, labour and other inputs into food, feed, fuel or fibre".
From an agricultural view point, land use is perhaps of greater interest than land cover, because land use includes a breakdown of the crops in the landscape, and sometimes also provides the different tillage and residue management practices, which land cover data cannot capture. For example, the CORINE land cover database (EEA, 2010) has four categories related to agricultural land cover (non-irrigated arable land; pastures; complex cultivation patterns; land principally occupied by agriculture, with significant areas of natural vegetation). A land use based classification, however, subdivides agricultural areas into specific types of cropland (e.g. GLOWA DANUBIA Project (Mauser et al., 2004) ), specifying the dominant crop or vegetation type in each pixel.
To determine future agricultural land uses or cropping systems in a watershed, land use models can be interesting tools to apply since they can provide a range of potential future scenarios. Land use models which represent the spatial distribution of land type (e.g. CLUE, Geomod, Land Use Scanner, SAMBA, SLEUTH, ProLand) are particularly useful for applying to water quality modeling research because they provide the spatial proximity of crops to surface water bodies.
Land use models specifically developed to model agricultural land use changes, for example the CLUE model (Veldkamp and Fresco, 1996) , require in depth knowledge as well as data of the agricultural sector in the study area, and tend to be applied to the regional, or finer spatial scales. To determine future agricultural land use changes that may take place, land use models build scenarios based on a range of plausible vectors of change, known as driving factors.
In the following sections, two main concepts will be elaborated on: the scales of land use modelling, particularly the scale relevant for agricultural land use modelling; and the drivers of change relevant to agricultural land use.
Scale of land use modelling
Some of the spatial scales used for studying land use change include: global (world); continental (continents); national (country level, defined by national boundaries); regional (major watershed, or defined region, e.g. province or state); local (sub-watershed or municipality); or farm (individual field level).
The spatial scale used by the researcher for land use scenario modeling will vary depending on the level of detail necessary in the study. Usually coarse spatial scales (greater than 1 km by 1 km) are useful to reveal the general trends and relations between land use and its determining factors. Factors that influence land cover over a considerable distance also use the coarse scale. The finer scale is used for understanding processes pertaining to a specific region, or understanding a certain type of behaviour, such as decision-making or planning. For regional studies, the scale of 1 km by 1 km or less can be used, whereas the household or farm system scale uses resolutions of less than 250 m by 250 m (FAO, 1996; Verburg et al., 2008) .
A change in agricultural land use involves altering the location, nature, or quantity of agricultural crop or livestock production units per area (Smit and Skinner, 2002) . To ascertain drivers of change at the farm level, several levels need to be considered (Bürgi et al., 2004) . Larger scale drivers (e.g. markets or policies) tend to influence decisions made at the farm level. Often there is an iterative interaction between these two scales, as is evident from one of the more influential agricultural policies implemented in Europe, the Common Agricultural Policy (Lobley and Butler, 2010) .
A farm system is defined as (Fresco, 1990) : "A decision making unit, comprising the farm household, cropping and livestock systems that produces crop and animal products for consumption and/or sale". Most land use models do not tend to examine the farm level (Overmars and Verburg, 2005; Houet et al., 2010) , perhaps due to the required integration of social and physical sciences (Verburg et al., 2004) which is not undemanding, or because it is difficult to predict the evolution of crop land use at a watershed scale due to the complex relationships between producers and their management of land resources (Lambin et al., 2000) , or because the spatial-temporal evolution of land-use is highly site-specific and thus difficult to draw out generalizations that can be plugged into a larger scale model.
Examining the farm scale calls for detailed studies of the individual watershed, and often due to resource constraints this is not undertaken. As a result, the information necessary at the farm level for input into non-economic type land use models has tended to be assumed based on knowledge of the area, rather than collected from farmers (Verburg et al., 2002) , and usually the assumptions for land use change are based on economic incentives for the producer (O'Neal et al., 2005) . There is a general lack of research undertaken in developed countries that examine land use drivers at the 
Driving factors of land use change
Drivers of land use change can be distinguished into two broad categories; direct and underlying drivers (Lambin and Geist, 2006) . Direct drivers are immediate actions or activities which cause a change. These causes are usually -but not always -local in scale (i.e. producer or household level) and involve a physical action limited to specific agricultural activities. Underlying drivers are more diffuse in nature and usually operate at a larger scale, such as the regional or national level. They influence the direct drivers through incentives, such as economic, technological, or demographic (Lambin and Geist, 2006) . Both direct and underlying factors interact with one another and have feedbacks with each other.
The literature contains few direct or indirect driving factors influential at shaping land use in developed regions at the local (farm) scale. By examining the literature relevant for Europe, the following drivers influencing agricultural land use were found: the type of producer (based on age, education, innovation and farm characteristics) (Bakker and van Doorn, 2009 ); the economic return available for the land Fig. 2 . Temporal, spatial and actor scales, showing both the extent and resolution studied for determining future scenarios of land use change (adapted from Bürgi et al., 2004) . (Dockerty et al., 2006) ; social characteristics of the farmers (Veldkamp and Lambin, 2001) ; geophysical features, accessibility to markets, demand for food, available technology, and government subsidies (Bürgi et al., 2004; Schröter et al., 2005; Busch, 2006) .
The challenge of applying drivers of land use change is that they are site-specific, and scale-dependant. Therefore, they are not necessarily transposable to watersheds other than those for which they were determined (Bürgi et al., 2004) , nor at a different scale (Overmars and Verburg, 2006) , unless very similar conditions prevail in the watersheds, and the same spatial resolution is examined. As such, it may be necessary to carry out independent studies determining the drivers of land use change for each watershed studied. This can be an onerous and resource intensive undertaking, as much quantitative and qualitative data is required (Overmars and Verburg, 2005; Verburg, 2002) .
Determining land use change at the local scale
In an on-going study in southern Bavaria, future land use scenarios for the upper Altmühl watershed, to the gauge at Treuchtlingen, (980 km 2 ), are being developed to the year 2040 (Fig. 1) . A spatial resolution (pixel) of 50 m by 50 m is used. This unit coincides with the unit of decision making (the farm), since the average farm size in the watershed is 10 to 20 ha (BLSD, 2010). Three spatial levels are being studied; the farm level (individual and local), the regional level (rural district and state) and the national level (country or continental). A particular emphasis is placed on the farm (local) level which is relevant to decision making for land use change in the mesoscale watershed. Land use change studies have scale extents and resolution. Figure 2 depicts the various 12 
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spatial, temporal and actor scales used for determining future land use scenarios in the study.
In order to describe land use change at the farm scale, current driving factors of change were determined based on local factors influencing the decisions made by producers in the watershed. First, a detailed, in depth study of the environmental, socio-economical, political, and cultural aspects was conducted in the watershed. This involved several site visits, attending local conferences on water quality, and reading relevant literature. The information gathered was helpful for identifying casual relationships of land use, which are essential to land use modelling (Bürgi et al., 2004) . Furthermore, a number of additional, detailed, steps were undertaken, which included liaising with a local university; meetings and discussions with relevant agricultural and water management stakeholders (ministries and local authorities); querying farmers; and collecting or requesting the relevant digital data pertaining to the watershed (e.g. DEM, soil, topography, precipitation, historic land use/land cover) from government sources mostly.
For the purpose of investigating potential future direct drivers of land use change at the farm level, the administration of a postal questionnaire in a subset of the watershed was undertaken. The questionnaire was compiled with input from partner universities, the regional administrative office for Food, Agriculture and Forests, as well as the Farmers' Union. The questionnaire consisted of 23 questions (time to complete was less than 30 min) and was sent to all producers located below the Altmühl lake; a total of 666 farms (Fig. 1) . The questionnaire was voluntary, and could be filled out anonymously. The responses (received responses from 8% of the farmers questioned) were used to ascertain decision making factors that govern current crop land use on the farm, as well as to determine drivers which apply to changes in growing crops in the future. To determine larger scale drivers, regional and national drivers of land use change were established through the literature and through consultation with experts (Ministries and agricultural stakeholder groups). The information from these drivers will be incorporated into a land use model.
The CLUE-S model (Conversion of Land Use and its Effects-Small scale; Verburg et al., 2002) is an example of a model that is able to dynamically forecast agricultural land use change at the local level, and integrate the various spatial levels and their driving factors related to land use change. Based on empirically quantifiable relationships between land use and driving factors, CLUE-S is being applied to the watershed to simulate several scenarios of the spatial distribution of land use to 2040 in the Altmühl watershed. The information gleaned from the questionnaire responses will be used to determine drivers and to guide the development of future scenarios regarding changes that may occur.
Description of CLUE-S land use model
The CLUE-S model simulates the spatial distribution of land use patterns in the near future based on present and historical land use, and on competition between land use in space and time. The model is based on an analysis of the spatial structure of the land rather than on the economy, or on the individual behaviour (Verburg et al., 2004) .
The model uses regression equations to determine the location suitability of a crop. Driving factors that were significant in the Altmühl watershed are provided in Table 1 . The drivers of land use change differ according to the crop type. Table 1 provides an impression of the breadth of diverse (qualitative and quantitative) factors found to be statistically significant from an even larger suite of possible factors, at the regional scale.
Since there is no prior knowledge of why certain land uses occur in the study watershed, a stepwise logistic regression analysis was used to explore a suite of biophysical variables determining current land use. A stepwise forward binary logistical regression was implemented for each land type of interest, using a significant entry value of 0.01, and a significant removal value of 0.02.
The logistical regressions will also be established at the national and at the local scale to determine relevant drivers of land use change at three different scales in total.
The CLUE-S model allows the user to specify demands for each crop type for every simulation year. Through this demand table, the model accounts for changing conditions of land use requirements as well as shifting demands for agricultural products. The competition between crop land uses can be defined, and the overall flexibility of a land use to transform can be defined. The model is particularly interesting for examining agricultural scenarios at the farm scale because it is able to integrate drivers of land use change at different spatial levels (e.g. the farm level, the regional level, and the national level) through the logistical regression equations (for detailed information see Verburg et al., 2004) .
Factors related to individual behaviour are taken into consideration when the aggregate amount of land area for each crop type is determined each simulation year, which is how the information from the questionnaires is taking into consideration.
The outputs of the CLUE model are ASCII files that can be imported into a Geographich Information Systems (GIS) to view maps of spatially allotted land use types. These correspond to the land use quantities (demand table) defined by the user each year, and depicts their spatially allocation according to the location suitability, the competition between crops, the flexibility of each land use to change, and other defining factors, such as neighbourhood functions, etc..
The future land use scenarios will be inserted into a hydrological model to determine the impacts on surface water quality. Of particular interest is the expansion of crop acreage related to biofuels, such as maize, as these may lead 1 ROC = relative operating characteristic (Pontius and Schneider, 2001) 2 Sample size is based on the total area of each crop type in the watershed.
to water quality challenges, since they require higher inputs. The yearly land use scenarios will provide information on the quantities of different crops in the watershed, as well as their spatial distribution. From this, we can infer the quantities of fertilizer applied, as well as farm management practices. Finally, relevant crop parameters such as rooting depth, transpiration and water uptake will also be able to be deduced. All of this is information that is important for modelling hydrological surface water quality for the future.
Summary
Land cover and land use are important because they provide parameters relevant to water quality modelling. Future land use scenarios can be developed through the application of land use models, which necessitate determining the driving factors of land use change. The determining factors for land use should be determined at several spatial levels. Agricultural land use change is highly site specific and therefore the local scale of study can be very helpful to link specific land uses to impacts on water quality. The general lack of land use change information at the farm level in the literature requires a large number of assumptions for modelling purposes, and contributes to uncertainties in the scenario development exercise. By applying the CLUE-S model in combination with a household questionnaire we hope to provide insight into drivers of land use change at the farm level.
